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MAGNETIC BRIDGE TYPE CURRENT SENSOR, MAGNETIC BRIDGE TYPE 
CLIBRENT DETEST ING METHOD, AND MAGNETIC BRIDGE FOR USE 
IN THAT SENSOR AND DETECTING METHOD 



5 FIELD OF THE INVENTION 

The present invention relates to a current sensor 
detecting a current without connection to a detected wire, with 
isolated condition maintained, with respect to alternating 

10 current, such as the well known Current Transformer (CT) , and 
particularly to the current sensor capable of detecting direct 
current with respect to frequency characteristic and detecting 
the micro current in the range of 100//A with respect to current 
value. Also, the present invention relates to the magnetic 

15 bridge used in the current sensor and current detecting method. 

BACKGROUND OF THE INVENTION 

The well-known CT is advantageous in that the detection is 
20 possible with isolation from the detected wire, but it can not 
be used with respect to direct current, alternating current 
with a frequency close to direct current, and pulsating current 
with direct current and alternating current superposed. Then, 
as an alternative to the CT, other isolation type direct 
25 current sensors were proposed such as hall element type, 
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magnetic amplifier type, magnetic multi vibrator type, magnetic 
flux inversion time difference type (for example, see the patent 
application laid open Nos. H10-10161, H10-332745) , magnetic 
path chopping type (for example, see the patent application laid 
5 open No. 2000-55940), etc. 

In the hall element type, a gap is formed in a part of the 
magnetic core through which the detected wire passes and is 
provided with a hall element such that the value of current 
running along the detected wire is detected from the variation 

10 of electric characteristic value of the concerned hall element. 
In the magnetic amplifier type and the magnetic multi vibrator 
type, the value of current running along the detected wire is 
detected using the time difference reaching the saturation of 
alternating flux generated by magnetically exciting a magnetic 

15 core to the vicinity of saturation flux density in advance with 
alternating current to magnetically polarize it with direct 
current . The three types mentioned above are suitable for the 
case in which current sensitivity per 1 turn of the detected 
wire is not less than several ampere, but can not detect the 

20 current of several mA. 

In the magnetic flux inversion time difference type, the 
triangular exciting current that exceeds sustaining force is 
run along the magnetic core, which the detected wire passes 
through, and the period of time from when the flux in the 

25 magnetic core starts to run in one direction to when the 
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direction of the flux is inverted toward the other direction is 
compared with the period of time from when the flux starts to 
run toward the other direction to when the direction of the 
flux is inverted toward the opposite, so the direct current of 
5 the detected wire is detected. Particularly, in the feedback 
type (see the above second reference), its structure is 
complicated and the uniformity of quality between products is 
lacking, because the plurality of magnetic cores are used and 
the plurality of coils such as the coils wound around single 

10 magnetic core, the coils wound over the plurality of magnetic 
cores, etc. are present. In no feedback type (see the above 
patent application laid open No. H10-10161) , current 
sensitivity per 1 turn of the detected wire is about 100mA and 
dynamic range is narrow. 

15 In the magnetic path chopping type, saturating a part of 

the magnetic core, which is passed through by the detected 
wire, with the flux of which the direction is perpendicular to 
that of the flux generated by the detected wire and increasing 
the magnetic reluctance of the magnetic core are intermittently 

20 carried out in time series. Namely, in this type of which the 
basic principle is identical with the well-known chopper 
amplifier, the value of direct magnetic flux, that is, the 
value of direct current running along the detected wire, is 
detected by chopping the direct magnetic flux generated by the 

25 detected wire to alternating magnetic flux. This type is very 
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complicated in winding of coils, shape of the magnetic core, 
etc. when compared with other types. 

Besides, saturation type (Cramer type), zero flux type, 
etc. are all for detecting high current, and measurement of 
5 current in the range of several mA is difficult. 

As mentioned above, in the prior art of direct current 
sensor, current sensitivity per 1 turn of the detected wire is 
bad, and a sensor that has relatively good sensitivity is very 
complicated in the structure. 

10 Currently, preservation of the environment has become an 

issue of public concern such that direct current like solar 
power, fuel cell, etc. is becoming more important and the 
increase of demand on direct current power equipment using the 
secondary cell, such as electric vehicles, hybrid vehicles, 

15 etc. is anticipated. In addition, from the aspect of energy 
saving, current detection by magnetic field in which energy 
consumption is close to a perfect zero is preferred in the art 
using the prior shunt resistors. In direct current and high 
voltage circuits used in high voltage electron tubes, etc., 

20 current tends to become lower if voltage becomes higher, and it 
is preferred that the current in high voltage circuit is 
measured under isolation. 

However, in the prior art, there are no current sensor and 
current detecting method by which the sensitivity and dynamic 

25 range corresponding to the above-mentioned concerns are 
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achieved and the cost of manufacturing is economical such that 
the wide use for the general purpose is possible. 

DISCLOSURE OF THE INVENTION 

5 

A current sensor of claim 1 according to the present 
invention of which the object is to solve the above-mentioned 
concerns, is characterized by comprising: 

one middle leg magnetic circuit (1) having opposite ends; 
10 two outer leg magnetic circuits (2a, 2b) connected with one 

and the other ends of the middle leg magnetic circuit (1) , 
respectively; 

an exciting means (3a) arranged in the outer leg magnetic 
circuit (2a) and an exciting means (3b) arranged in the outer leg 
15 magnetic circuit (2b) ; 

a flux detecting means (4) arranged in the middle leg 
magnetic circuit (1); 

drive means (7) for driving the exciting means (3a, 3b) , 
respectively; and 
20 a detection circuit (8) connected with the flux detecting 

means (4) and outputting the electric signals interlocked with 
the flux being detected by the flux detecting means (4) . 

Also, a current sensor of claim 2 according to the present 
invention is characterized by, in addition to the configuration 
25 of claim 1, further comprising: 
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a balance recovery coil (5) arranged by winding a wire 
around at least one of the middle leg magnetic circuit (1) and 
the outer leg magnetic circuits (2a, 2b) ; 

a balance recovery current controlling circuit (9) for 
5 controlling the balance recovery current run along the balance 
recovery coil (5) to decrease the flux being detected by the 
flux detecting means (4), based on the electric signals being 
output from the detection circuit (8); and 

a detected value outputting circuit (10) for outputting the 
10 balance recovery current value. 

Next, a current detecting method of claim 3 according to 
the present invention is characterized by comprising: 

achieving magnetic balance condition by generating the 
first excited flux, which is an alternating flux, to run along 
15 a middle leg magnetic circuit (1) by an exciting means (3a) and 
generating the second excited flux, of which the magnitude is 
as same as that of the first excited flux and the direction is 
reverse to that of the first excited flux, which is an 
alternating flux to run along the middle leg magnetic 
20 circuit (1) by an exciting means (3b); 

achieving magnetic non-balance condition due to collapse 
of the magnetic balance condition, which is caused by running 
detected current along a detected wire (6) passed through at 
least one of the window which is formed by being surrounded by 
25 an outer leg magnetic circuit (2a) and the middle leg magnetic 
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circuit (1) and the window which is formed by being surrounded 
by an outer leg magnetic circuit (2b) and the middle leg 
magnetic circuit (1) to vary the magnetic reluctance of the 
outer leg magnetic circuit (2a) and the outer leg magnetic 
5 circuit (2b); and 

detecting the detected current running along the detected 
wire (6) by detecting the flux which is generated along the 
middle leg magnetic circuit (1) through achieving the magnetic 
non-balance condition, by a detection circuit (8) outputting the 
10 electric signals interlocked with the flux being detected by a 
flux detecting means (4) . 

Also, another current detecting method of claim 4 
according to the present invention is characterized by 
comprising: 

15 achieving magnetic balance condition by generating the 

first excited flux which is an alternating flux to run along a 
middle leg magnetic circuit (1) by an exciting means (3a) and 
generating the second excited flux, of which the magnitude is 
as same as that of the first excited flux and the direction is 

20 reverse to that of the first excited flux, which is an 
alternating flux to run along the middle leg magnetic 
circuit (1) by an exciting means (3b); 

achieving magnetic non-balance condition due to collapse 
of the magnetic balance condition, which is caused by running 

25 detected current along a detected wire (6) passed through at 
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least one of the window which is formed by being surrounded by 
an outer leg magnetic circuit (2a) and the middle leg magnetic 
circuit (1) and the window which is formed by being surrounded 
by an outer leg magnetic circuit (2b) and the middle leg 
5 magnetic circuit (1) to vary the magnetic reluctance of the 
outer leg magnetic circuit (2a) and the outer leg magnetic 
circuit (2b) ; 

achieving magnetic re -balance condition by running balance 
recovery current along a balance recovery coil (5) to decrease 

10 the flux being generated along the middle leg magnetic 
circuit (1) in the condition that magnetic reluctance of the 
outer leg magnetic circuit (2a) and the outer leg magnetic 
circuit (2b) is varied, wherein the balance recovery current, 
which generates the flux of which the magnitude is as same as 

15 that of the flux being generated along the magnetic circuit 
around which the detected wire (6) is wound by being passed 
therethrough in the condition that the magnetic reluctance of 
the outer leg magnetic circuit (2a) and the outer leg magnetic 
. circuit (2b) is varied and the direction is reverse to that of 

20 the said flux, is run along the balance recovery coil (5) which 
is wound by being passed through the same window as the window 
through which the detected wire (6) is passed; and 

detecting the detected current running along the detected 
wire (6) by detecting the balance recovery current running along 

25 the balance recovery coil (5) in the magnetic re-balance 
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condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. 1 is a perspective view of the main portion of a 

magnetic bridge type current sensor according to the present 
invention (hereinafter, referred to as the current sensor of the 
present invention) in which a balance recovery coil is not 
arranged; 

10 FIG. 2 is a perspective view of the main portion of the 

current sensor of the present invention with a balance recovery 
coil arranged; 

FIG. 3 shows the waveforms in respective parts of the 
current sensor of the present invention when the detected 

15 current is running, in which (a) relates to exciting current, 
(b) relates to the magnetic field of outer leg magnetic 
circuits, (c) relates to the magnetic reluctance of outer leg 
magnetic circuits, (d) relates to the flux of a middle leg 
magnetic circuit, (e) relates to the electromotive force 

20 generated across a flux detecting means (detecting coil), and 
(f) relates to the respective fundamental waves of the 
electromotive force generated across the flux detecting 
means (detecting coil); 

FIG. 4 shows an equivalent magnetic circuit when the 

25 detected current is not running, in the current sensor of the 
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present invention; 

FIG. 5 shows an equivalent magnetic circuit when the 
detected current is running, in the current sensor of the 
present invention; 
5 FIG. 6 shows an equivalent magnetic circuit when the 

detected current is running and the balance recovery current is 
running, in the current sensor of the present invention; 

FIG. 7 is a characteristic graph of magnetic field to 
permeability in soft magnetic material; 
10 FIG. 8 is a block diagram of a circuit configuration in 

the current sensor of the present invention; 

FIG. 9 is a perspective view of an application to the 
current sensor of the present invention; 

FIG. 10 is a perspective view of the main portion of the 
15 current sensor of the present invention in which the detected 
wire is only passed through one window surrounded by the middle 
leg magnetic circuit and any one of the outer leg magnetic 
circuits; 

FIG. 11 shows a magnetic circuit equivalent to the 
20 equivalent magnetic circuit of the current sensor of the 
present invention in FIG. 5 or FIG. 6; 

FIG. 12 shows a magnetic circuit equivalent to the 
equivalent magnetic circuit in FIG. 11; 

FIG. 13 shows a magnetic circuit equivalent to the 
25 equivalent magnetic circuit in FIG. 12; 
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FIG. 14 shows a magnetic circuit equivalent to the 
equivalent magnetic circuit in FIG. 13; 

FIG. 15 shows a magnetic circuit equivalent to the 
equivalent magnetic circuit in FIG. 14; 
5 FIG. 16 is a perspective view of the main portion of the 

current sensor of the present invention that implements the 
equivalent magnetic circuit in FIG. 15; 

FIG. 17 is a perspective view of the main portion of a. 
modification of the current sensor of the present invention in 
10 FIG. 16; 

FIG. 18 shows a magnetic circuit equivalent to the 
equivalent magnetic circuit in FIG. 15; 

FIG. 19 is a perspective view of the current sensor of the 
present invention that implements the equivalent magnetic 
15 circuit in FIG. 18; 

FIG. 20 is a enlarged plan of the main portion for the 
explanation of the position in the magnetic circuit (2), in 
which the exciting means in the current sensor of the present 
invention in FIG. 17 is arranged; 
20 FIG. 21 is a perspective view for the explanation of an 

arrangement of the exciting coil and the balance recovery coil, 
in the current sensor of the present invention; 

FIG. 22 is a perspective view of the current sensor of the 
present invention for the explanation of the conceptual 
25 principle; 
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FIG. 23 is a perspective view of the magnetic sensor of 
the present invention in the first embodiment using the 
magnetic bridge of the present invention with two exciting 
means (exciting coils;3); 
5 FIG. 24 is a perspective view of the magnetic sensor of 

the present invention in the second embodiment using the 
magnetic bridge of the present invention with one exciting 
means (exciting coil; 3); 

FIG. 25 is a side view of the magnetic sensor of the 
10 present invention with magnetic gaps; 

FIG. 26 is a perspective view of the magnetic sensor of 
the present invention of which the shape is suitable for 
detecting magnetism of adjacent dipole; 

FIG. 27 is a perspective view of the magnetic sensor of 
15 the present invention that is suitable for miniaturization; 

FIG. 28 is a schematic of an arrangement of the flux 
detecting means (4) ; and 

FIG. 29 is a perspective view of the magnetic sensor in 
which the magnetic circuit (1) is formed of non-magnetic 
20 material such as air, etc. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the current sensor of the 
25 present invention and their working will be described with 
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reference to the accompanying drawings. 

FIG. 1 is a perspective view schematically showing the 
magnetic bridge type current sensor of the present invention 
relating to claim 1, by an example (In FIG. 1, drive means (7) 
5 and a detection circuit (8) are not shown) . 

A current sensor of the present invention illustrated in 
FIG. 1 is provided with one middle leg magnetic circuit (1) 
having opposite ends, and two outer leg magnetic 
circuits (2a, 2b) connected with one and the other ends of the 

10 middle leg magnetic circuit (1), respectively, the middle leg 
magnetic circuit (1) is provided with a flux detecting means (4), 
the outer leg magnetic circuit (2a) is provided with an exciting 
means (3a) , and the outer leg magnetic circuit (2b) is provided 
with and exciting means (3b). Both of the exciting means (3a) and 

15 the exciting means (3b) are formed to generate an alternating 
magnetic field. In the present invention, the above-mentioned 
structure is often referred to as "magnetic bridge". The 
respective magnetic circuits (1, 2a, 2b) in the above magnetic 
bridge is formed of magnetic material such as ferrite, silicon 

20 steel, amorphous, Permalloy, etc., and, in the present 
specification, the magnetic substance forming the magnetic 
circuits is often referred to as "core material" or "core". 
Further, the current sensor of the present invention is also 
provided with the detection circuit (8), although it is not 

25 shown in FIG. 1. 
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The above-mentioned exciting means (3a) and exciting 
means (3b) may generate alternating magnetic field or conduct 
alternating current to the wound wire (hereinafter, referred to 
as "coil") indicated in FIG. 1. The alternating magnetic field 
5 may generated by rotating or vibrating a permanent magnet body 
or its magnetic path, by alternating a magnetic fluid using a 
permanent magnet and the magnetic fluid, by varying the 
magnetic reluctance of magnetic path of electromagnet or 
permanent magnet, etc., by the method selected as needed. 

10 Magnetic detection elements such as hall elements, 

magnetic impedance elements, etc. may be used as the flux 
detecting means (4). When the magnetic detection element is used 
as the flux detecting means (4), it is required for a gap to be 
arranged in a part of the middle leg magnetic circuit such that 

15 the magnetic detection element is arranged in the gap. However, 
the configuration of the flux detecting means (4) becomes 
simple, if the wire wound around the middle leg magnetic 
circuit (1) (hereinafter, referred to as the detecting coil) is 
used as the flux detecting means, as indicated in FIG. 1. 

20 As the detection circuit (8), any one will do if it is 

capable of output ting the flux detected by the flux detecting 
means (4) as electric signals. For example, for the purpose of 
low precision in detection, the circuit which only outputs the 
potential difference generated across the magnetic detection 

25 element or electromotive force generated across the detecting 



14 



coil by the detection of the flux by the detecting coil or 
magnetic detection element used as the flux detecting means (4), 
namely, the circuit in which the detecting coil or the magnetic 
detection element are only connected with the output by simple 
5 wire, will do. 

As detection circuit (8), a circuit in which one or more of 
active elements such as diode, etc. and passive elements such 
as resistor, capacitor, etc. are connected may be used, and 
also, an active circuit, etc. using operational amplifier, etc. 

10 may be used. Namely, the detection circuit (8) may employ the 
various configuration such as the configuration in which 
anything remains raw to be used freely as needed, the 
configuration in which some elements are added for operational 
stabilization of the detecting coil or the magnetic detection 

15 element, the configuration in which the signal processing, 
which is enough to directly read the detected current like the 
indicator indicating the potential difference generated across 
the magnetic detection element or the electromotive force 
generated across the detecting coil, is carried out to the 

20 potential difference generated across the magnetic detection 
element or the electromotive force generated across the 
detecting coil, etc. 

The measurement of the detected current running along the 
detected wire (6) is carried out by passing the detected wire (6) 

25 through at least, one of the window which is formed by being 
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surrounded by one outer leg magnetic circuit (2a) and the middle 
leg magnetic circuit (1) and the window which is formed by being 
surrounded by the other outer leg magnetic circuit (2b) and the 
middle leg magnetic circuit (1) . 
5 In FIG. 1, the detected wire (6) is arranged to pass, from 

the front side to the opposite side, through the one window 
which is formed by being surrounded by the outer leg magnetic 
circuit (2a) and the middle leg magnetic circuit (1) and also 
pass, from the opposite side to the front side, through the 

10 other window which is formed by being surrounded by the outer 
leg magnetic circuit (2b) and the middle leg magnetic 
circuit (1). Electromagnetically, the turns of the wire in the 
magnetic circuit provided with the window, which is formed by 
being surrounded by the outer leg magnetic circuits (2a or 2b) 

15 and the middle leg magnetic circuit, are the same as the number 
of times the wire passes through the concerned window. 

Accordingly, in the case that the detected wire (6) is 
arranged as indicated in FIG. 1, the detected wire (6) is 
electromagnetically considered to be wound around the middle 

20 leg magnetic circuit (1) one time, and this is equivalent to 
winding the wire altogether around the outer leg magnetic 
circuit (2a) and the outer leg magnetic circuit (2a) one time. 
Also, in the case that the detected wire (6) is arranged to be 
passed through only one window from the front side to the 

25 opposite side, the detected wire (6) is electromagnetically 
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considered to be wound around the outer leg magnetic 
circuit (2a) one time, and this is equivalent to winding the 
wire altogether around the middle leg magnetic circuit (1) and 
the outer leg magnetic circuit (2b) one time. 
5 Next, the magnetic condition of the above-mentioned 

"magnetic bridge" is described. 

The alternating flux (hereinafter, referred to as "the 
first excited flux") running from the outer leg magnetic 
circuit (2a) into the middle leg magnetic circuit (1) is 

10 generated, when the outer leg magnetic circuit (2a) is 
magnetically excited by the exciting means (3a). Also, The 
alternating flux (hereinafter, referred to as "the second 
excited flux") running from the outer leg magnetic circuit (2b) 
into the middle leg magnetic circuit (1) is generated, when the 

15 outer leg magnetic circuit (2b) is magnetically excited by the 
exciting means (3b). In this case, if the magnetic excitation by 
the exciting means (3a) and the exciting means (3b) is carried 
out by determining the magnetomotive force of the exciting 
means (3a) and the exciting means (3b) such that the magnitude of 

20 the first excited flux is as same as that of the second excited 
flux and the direction of the first excited flux is reverse to 
that of the second excited flux, the total flux running into 
the middle leg magnetic circuit (1) is zero because the 
magnitude of the first excited flux is as same as that of the 

25 second excited flux and the direction of the first excited flux 
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is reverse to that of the second excited flux. 

Therefore, hereinafter in the specification, the flux 
condition in which the magnitude of the first excited flux is 
as same as that of the second excited flux and the direction of 
5 the first excited flux is reverse to that of the second excited 
flux is referred to as "balance flux condition ", the excitation 
condition of the exciting means (3a) and the exciting means (3b), 
by which the balance flux condition is achieved, is referred to 
as "balance excitation condition", and the condition, in which 

10 the total flux running into the middle leg magnetic circuit (1) 
is zero because the magnitude of the first excited flux is as 
same as that of the second excited flux and the direction of 
the first excited flux is reverse to that of the second excited 
flux, is referred to as "magnetic balance condition". 

15 When the magnetic bridge is under the magnetic balance 

condition, for example, the total flux running into one end of 
the middle leg magnetic circuit (1), which is one point of any 
points of the middle leg magnetic circuit (1), has already been 
zero, because the flux running into the one end of the middle 

20 leg magnetic circuit (1) is only the first excited flux and the 
second excited flux and also the total flux is zero. As a 
result, any value other than zero is not adopted because the 
flux of the middle leg magnetic circuit (1) connected with the 
concerned any one point essentially becomes zero. Namely, in 

25 the present invention, when the magnetic bridge is under 
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magnetic balance condition, the flux is not detected by the 
flux detecting means (4) because the flux within the middle leg 
magnetic circuit (1) is not present. 

The achievement of the balance condition in the magnetic 
5 bridge may be carried out by driving the drive means such that 
the magnetomotive force of the exciting means (3a) and the 
exciting means (3b) satisfies the balance condition of the flux, 
and also may be simply carried out by forming the outer leg 
magnetic circuit (2a) and the outer leg magnetic circuit (2b) 

10 such that they are made of the same magnetic material and their 
dimensions are same, forming both the exciting means (3a) and 
the exciting means (3b) of coils such that the turns of the 
coils of both exciting means (3a, 3b) become same, arranging the 
coil of the exciting means (3a) and the coil of the exciting 

15 means (3b) such that the direction of the winding of the coils 
is reverse to each other, and arranging the coil of the 
exciting means (3a) and the coil of the exciting means (3b) in 
serial such that alternating current is conducted, because the 
current values and the phases are same. 

20 In the case that the magnetic bridge is under magnetic 

balance condition and the detected wire (6) is arranged to be 
passed through at least one of the window which is formed by 
being surrounded by the outer leg magnetic circuit (2a) and the 
middle leg magnetic circuit (1) and the window which is formed 

25 by the outer leg magnetic circuit (2b) and the middle leg 
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magnetic circuit (1), flux is newly generated along the magnetic 
bridge, when the detected current runs along the detected 
wire (6) . 

In FIG. 1, the direction of the flux generated along the 
5 middle leg magnetic circuit (1) by the detected current is from 
the upper side to the lower side, if the detected current runs 
from the opposite side to the front side (hereinafter, this 
direction is referred to as "positive direction", and the 
reverse direction is referred to as "negative direction") . The 

10 flux of the middle leg magnetic circuit (1) by the detected 
current in the positive direction gathers, in the upper end of 
the middle leg magnetic circuit (1), into the concerned end from 
the outer leg magnetic circuit (2a) and the outer leg magnetic 
circuit (2b), runs along the middle leg magnetic circuit (1) from 

15 the upper side to the lower side, and branches, in the lower 
end of the middle leg magnetic circuit (1), away into the outer 
leg magnetic circuit (2a) and the outer leg magnetic 
circuit (2b). Also, the flux runs along the outer leg magnetic 
circuit (2a) and the outer leg magnetic circuit (2b) from the 

20 lower side to the upper side. 

In the case that the balance excitation condition is 
satisfied in the magnetic bridge, and the clockwise flux runs 
along the outer leg magnetic circuit (2a) and the outer leg 
magnetic circuit (2b), the flux by the detected current and the 

25 excited flux by the exciting means (3a) , in the outer leg 
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magnetic circuit (2a), have the same direction, and thus, the 
flux gets to increase, while the flux by the detected current 
and the excited flux by the exciting means (3b), in the outer 
leg magnetic circuit (2b) , have the reverse direction, and thus, 
5 the flux gets to decrease. 

In the case that the maximum of the flux density within 
the magnetic bridge is not more than the value of the flux 
density which becomes the maximum of the permeability of the 
magnetic material forming the concerned magnetic bridge, the 

10 increase of the flux, in the outer leg magnetic circuit (2a), 
results in the increase of the permeability to decrease the 
magnetic reluctance of the concerned magnetic circuit. On the 
other hand, the decrease of the flux, in the outer leg magnetic 
circuit (2b), results in the decrease of the permeability to 

15 increase the magnetic reluctance of the concerned magnetic 
circuit. The decrease of the magnetic reluctance in the outer 
leg magnetic circuit (2a) results in the increase of the first 
excited flux and the increase of the magnetic reluctance in the 
outer leg magnetic circuit (2b) results in the decrease of the 

20 second excited flux. As a result, flux is generated along the 
middle leg magnetic circuit (1), because the balance flux 
condition is not satisfied. 

As understood from the above description, the flux running 
through the middle leg magnetic circuit (1) is zero when the 

25 detected current is zero, and the increase of the detected 
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current causes the increase of the variation of the magnetic 
reluctance such that the flux running through the middle leg 
magnetic circuit (1) gets to increase. Namely, the magnitude of 
the flux in the middle leg magnetic circuit (1) is proportional 
5 to the magnitude of the detected current. Also, if the flux 
detecting means (4) is a coil, the electromotive force across 
the flux detecting means (4) is generated by the flux generated 
along the middle leg magnetic circuit (1), and, if the flux 
detecting means (4) is a magnetic detection element, the 

10 potential difference, etc., across the flux detecting means (4) 
is generated by the flux generated along the middle leg 
magnetic circuit (1). At this time, the magnitude of the 
electromotive force or the potential difference, etc., 
generated across the flux detecting means (4) is proportional to 

15 the magnitude of the flux being generated along the middle leg 
magnetic circuit (1) . 

Since the magnetic bridge is electromagnet ically 
symmetrical with respect to the middle leg magnetic circuit (1), 
the same result as the above-mentioned example is caused even 

20 when the counterclockwise flux runs along the outer leg 
magnetic circuit (2a) and the outer leg magnetic circuit (2b) . 

This characteristic means that, when the maximum of the 
flux density within the magnetic bridge is not more than the 
maximum of the permeability, the flux of the middle leg 

25 magnetic circuit (1) is varied by two periods for one period of 
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the excited flux. Also, . the component varying by four periods 
for one period of the excited flux is included in the flux of 
the middle leg magnetic circuit (1) when the maximum of the flux 
density within the magnetic bridge exceeds the maximum of the 
5 permeability. However, in both cases, the flux including the 
higher harmonics is generated along the middle leg magnetic 
circuit (1) because the characteristic of magnetic field to 
permeability in the magnetic material is non- linear. 

By the detection circuit (8), the detected current is 

10 detected by outputting the flux generated along the middle leg 
magnetic circuit (1) in the form of electric signals interlocked 
with the flux being detected by the flux detecting means (4) . If 
the output of the detection circuit (8) is connected to an 
indicator, the value of the electric signals output by the 

15 detection circuit (8) can be directly read by means of the 
indicator. The output of the detection circuit (8), alone or 
together with the indication by the indicator, may be 
transferred to or stored as detection data in a computer, etc. 

Next, the current sensor of the present invention in claim 

20 2 and the current detecting method of the present invention in 
claim 4 are described. 

In the detection of current as mentioned above, if the 
detected current runs along the detected wire (6), the magnetic 
balance condition in the magnetic bridge is broken because the 

25 magnetic reluctance of the magnetic bridge becomes varied, even 
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when the balance excitation condition is satisfied. Therefore, 
if the excitation by use of the exciting means generating flux 
is carried out to the magnetic circuit in the position where 
'the detected wire (6) is wound in the magnetic bridge such that 
5 the flux generated by the detected current breaking the 
magnetic balance condition in the magnetic bridge becomes zero, 
the magnetic bridge again becomes under the magnetic balance 
condition. In the present invention, recovering the magnetic 
bridge to the magnetic balance condition from the condition in 

10 which the magnetic balance condition is broken by the detected 
current is referred to as "balance recovery", and the magnetic 
condition recovered to balance condition by the balance 
recovery is referred to as "magnetic re -balance condition". 

In the present invention, the balance recovery coil (5) as 

15 indicated in FIG. 2 is an exciting means generating flux along 
the magnetic circuit in the position where the detected wire (6) 
is wound in the magnetic bridge, and is also the means 
achieving the magnetic re-balance condition. In the 
configuration of FIG. 2, the balance recovery coil (5) is 

20 arranged in the middle leg magnetic circuit (1) since the 
configuration is equivalent to the configuration in which the 
detected wire (6) is wound altogether around the middle leg 
magnetic circuit (1) or the outer leg magnetic circuit (2a) and 
the outer leg magnetic circuit (2b). In addition, as exampled in 

25 FIG. 10, the balance recovery coil (5) is arranged in the outer 
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leg magnetic circuit (2a) since the detected wire (6) is wound 
around the outer leg magnetic circuit (2a) . 

The magnetic condition in which the magnetic balance 
condition is broken by the detected current running along the 
5 detected wire (6) is recovered to balance, if along the balance 
recovery coil (5) runs the current (hereinafter, referred to as 
"balance recovery current ") generating the flux of which the 
magnitude is as same as that of the flux by the detected 
current and the direction is reverse to the flux by the 

10 detected current. 

Representing the relation between the detected current and 
the balance recovery current, by the detailed example, in the 
case that the detected current is 100mA and the turns of the 
detected wire (6) is 1, the relation between the turns of the 

15 balance recovery coil (5) and the magnitude of the balance 
recovery current is indicated as the follows; the balance 
recovery current is 100mA where the turns is 1, and the balance 
recovery current is 10mA where the turns is 10. Namely, balance 
recovery means controlling by which the product of the turns of 

20 the balance recovery coil (5) and the balance recovery current 
become the same as the product of the turns of the detected 
wire (6) and the detected current. Further, in this case, 
connection is carried out such that the direction of the 
magnetomotive force is reverse. In addition, the magnetomotive 

25 force is electromagnet ically represented as the product of the 
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turns and the current value. 

Since the turns of the balance recovery coil (5) and the 
detected wire (6) is already known, the detected current can be 
detected by detecting the balance recovery current. Namely, the 
5 detected current is the product of the balance recovery current 
and the turn- ratio, where the turn- ratio is the value of the 
turns of the balance recovery coil (5) divided by the turns of 
the detected wire (6) . 

Next, in the case that the detected current is in the 

10 negative direction, the flux generated along the middle leg 
magnetic circuit (1) by the detected current runs from the lower 
side to the upper side, and basically, the magnetic effect is 
the same as the effect when the detected current is in the 
positive direction because the state in this case magnetically 

15 becomes as same as the state which is inverted up and down with 
respect to the state when the detected current is in the 
positive direction. However, the polarity in the result of 
detection becomes reverse because the direction of the flux 
passing through the flux detecting means (4) becomes reverse. 

20 Therefore, the direction of the detected current can be found 
by checking the polarity in this result of detection. Namely, 
the magnitude of the detected current can be found from the 
magnitude of the result of detecting the balance recovery 
current and also the direction of the detected current can be 

25 found from the polarity of the above result, respectively. 
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Whether the balance recovery has been achieved or not can 
be determined by detecting, by the detection circuit (8), the 
flux along the middle leg magnetic circuit (1) to check whether 
the result of detection is close to zero or not. When the 
5 balance recovery is carried out manually, the balance recovery 
current may be adjusted such that the value of the result of 
detection is close to zero, while the result of the detection 
by the detection circuit (8) is observed by the instruments such 
as voltmeter, galvanometer, etc. The method of manually 

10 carrying out this adjustment is suitable for the special use 
such as the experiment of working principle, etc., and the 
method of automatically carrying out this adjustment is 
preferred when the practical use is needed. 

As a method of automatically carrying out the balance 

15 recovery, there is the method of feedback controlling the 
balance recovery current with the result of detection by the 
detection circuit (8) detecting the flux along the middle leg 
magnetic circuit (1). By this feedback control method, the value 
of the input signal in control system divided by "amplification 

20 factor + 1" in feedback loop remains in the position under 
feedback. Namely, in the magnetic bridge as indicated in FIG. 
2, the position under feedback is the flux within the middle 
leg magnetic circuit (1), and the flux remaining within the 
middle leg magnetic circuit (1) by the feedback control is the 

25 flux resulting from dividing the flux originally generated 
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within the middle leg magnetic circuit (1) by the detected 
current when no feedback control by the "amplification factor + 
1" in the feedback loop. 

As a specific example, in the case that the detected 
5 current is 100mA and the amplification factor in feedback loop 
is 100000, the flux, of the flux passing through the flux 
detecting means (4), corresponding to the value of 100mA divided 
by 100001, namely, about 0.9999/zA remains. Also, when the 
amplification factor in the feedback loop is 99999, the flux 

10 corresponding to 1/zA remains. This condition which is not 
perfect magnetic balance condition but is very close to the 
magnetic balance condition, including the magnetic balance 
condition, is referred to as "magnetic quasi-balance 
condition" . Also, under the "magnetic quasi-balance condition", 

15 the influence of the magnetic reluctance of the middle leg 
magnetic circuit (1) by the flux remaining in the middle leg 
magnetic circuit (1) is very little to the negligible degree. 

Since the magnitude and direction of the detected current 
is determined by the result of detection of the balance 

20 recovery current under magnetic re-balance condition, it will 
do if a detected value outputting circuit (10) measuring and 
outputting the balance recovery current is connected with at 
least one of the balance recovery coil (5) and balance recovery 
current controlling circuit (9) . 

25 The magnetic bridge type current sensor of the present 
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invention is not limited to the current sensor in the above- 
mentioned example, but, in the present invention, the current 
sensor with the following structure and shape may be provided. 

The equivalent circuit of the current sensor of the 
5 present invention with configuration illustrated above in FIG. 
1 or FIG. 2 is shown in FIG. 5 or FIG. 6. The magnetic 
reluctance in the equivalent circuit of the current sensor of 
the present invention illustrated in FIG. 5 or FIG. 6 is 
represented as Rmal+Rma2=Rma, Rmbl+Rmb2=Rmb by the magnetic 

10 reluctance of the respective magnetic circuits in the 
equivalent circuit illustrated in FIG. 11. 

When the magnetomotive forces by two exciting means (3a, 3b) 
have the same magnitude and the reverse direction and also the 
magnetic reluctances in two magnetic circuits (2a, 2b) are the 

15 same, a condition for achieving the magnetic balance condition 
in FIG. 11, the magnetomotive force is represented as ni a =-ni b 
and the magnetic reluctance is represented as Rma=Rmb. Also, 
Rmal=Rmbl, Rma2=Rmb2. 

Here, the equivalent circuit in FIG. 11 is the same as the 

20 equivalent circuit indicated in FIG. 12, which is as same as 
the equivalent circuit indicated in FIG. 13. Namely, for the 
convenience of description, the circuit in FIG. 13 has the 
configuration in which the magnetic circuits (2a, 2b) are divided 
respectively into two magnetic circuits (21a, 22a) and magnetic 

25 circuit (21b, 22b) , and one exciting means (3a) in FIG. 12 is 
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inserted into the ends of the respective divided magnetic 
circuits. Further, the other exciting means (3b) is omitted by 
reversely connecting the exciting means (3a) with the magnetic 
circuits (21b, 22b) . Hereinafter, the exciting means in FIG. 13 
5 is represented by the number (3) . Since the equivalent circuit 
in FIG. 13 is represented as the equivalent circuit illustrated 
in FIG. 14, the current sensor of the present invention 
illustrated in FIG. 1, FIG. 2, FIG. 5 and FIG. 6 is also 
represented as the equivalent circuit indicated in FIG. 15, 

10 accordingly. 

The equivalent circuit in FIG. 15 may have the shape, for 
example, indicated in FIG. 16 if it is schematically 
illustrated in the substantial shape like the current sensor of 
the present invention as indicated in FIG. 1 and FIG. 2. Also, 

15 the current sensor in FIG. 16 is represented in the shape of 
the current sensor illustrated in FIG. 17, when it is indicated 
more closely to the substantial shape. In FIG. 16 and FIG. 17, 
the members, the parts and the components as same as those in 
FIG. 1 - FIG. 10 are represented by the same numbers. 

20 In current sensors of the present invention as described 

in FIG. 1 ~ FIG. 10, the magnetic balance condition is achieved 
by fine adjustment since two exciting means (3a, 3b) are arranged 
in the right and left outer leg magnetic circuits (2a, 2b) , 
respectively, such that the magnetic balance condition is 

25 affected by the magnetic characteristic difference between the 
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right and left core material. However, in the current sensor 
with the shape in FIG. 17, the achievement of magnetic balance 
condition is facilitated since only one exciting means (3) will 
do such that there is no need for consideration of influence 
5 from the magnetic characteristic difference. 

In this respect, the magnetic balance condition in current 
sensors of the present invention as described in FIG. 1 - FIG. 
10 comprises the condition relating to the magnetomotive force 
of two exciting means (3a, 3b) and the condition relating to the 

10 magnetic reluctance of two magnetic circuits (2a, 2b) , and thus 
manufacturing is not easy since there are a lot of factors for 
the magnetic balance condition. 

However, four magnetic circuits (21a, 22a, 21b, 22b) in 
current sensors of the present invention indicated in FIG. 15 ~ 

15 FIG. 17, etc., can achieve the magnetic balance condition in 
which the flux by the exciting means (3) is not present in the 
magnetic circuit (1), if RmalXRma2=RmblXRnib2 is satisfied, and 
thus, the manufacturing of magnetic circuits becomes easy since 
there is no need for the condition relating to the 

20 magnetomotive force of the exciting means (3). In this sense, 
the equivalent circuit of the current sensor of the present 
invention indicated in FIG. 15 may be represented as the 
equivalent circuit in FIG. 18 and the current sensor in the 
shape in FIG. 19 substantially illustrating the circuit in FIG. 

25 18. 
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Next, referring to FIG. 20, it is possible to achieve the 
magnetic balance condition in the magnetic circuit (1) even if 
there is some deviation of the position in which the exciting 
coil (3) in FIG. 17 is arranged, and this aspect is described in 
5 the following. 

As indicated in FIG. 20, in the respective magnetic 
circuits (21a, 22a, 21b, 22b) arranged to intersect across the 
magnetic circuit (2), Rmbl°cii/wl, Rmal«:ii/w2 and Rmb2°ci 2 /w2, 
Rma2°cl 2 /wl are satisfied, if the magnetic reluctance in the 
10 parts (A, B) of the core material is negligibly low. 

Herein, wl, w2 are the width of core material remaining in 
the right and left of the core material by the window (W) 
arranged to be passed through the core material, and l i# 1 2 are 
the width formed by internal division of the window (W) in 
15 vertical direction by the arranged position of the magnetic 
circuit (2) . 

Since the magnetic reluctances of the respective magnetic 
circuits (21a, 21b, 22a, 22b) in the magnetic balance condition of 
magnetic bridge satisfy RmalXRma2=RmblXRmb2 , the equation 

20 relating to the magnetic reluctances of the respective magnetic 
circuits (21a, 21b, 22a, 22b) achieving the magnetic balance 
condition in the magnetic bridge is represented using the above 
proportional expression as di/w2) X (l 2 /wl) = di/wl) X (l 2 /w2) , 
namely, (liX\ 2 ) I (w2X W l) = diXl 2 ) / (wlX W 2) . 

25 Where, li, 1 2/ wl, w2 are arbitrary values, the left side 
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always equals to the right side, and any of li, 1 2/ wl, w2 is 
not zero. That is, the magnetic circuit (2) of the magnetic 
bridge in FIG. 20 is balanced since the total flux running into 
the magnetic circuit (1) becomes zero in any position of the 
5 window of the core material in FIG. 20. Further, substantially, 
it is preferred that the position of the magnetic circuit (2) is 
the position satisfying li=l 2 (central point of the window (W) in 
vertical width) in FIG. 20, since the magnetic reluctance of 
the parts (A, B) in the core material is not zero such that it 

10 gives influence. However, even if there is some deviation in 
the position, the influence is very low since the magnetic 
reluctances of the parts (A, B) in the core material is very low 
relative to those of the magnetic circuits (21a, 22a, 21b, 22b) . 

Next, in current sensors of the present invention 

15 illustrated in FIG. 17 or FIG. 19, etc., for the convenience of 
description and understanding, the flux detecting means (4) and 
the balance recovery coil (5) are arranged in the magnetic 
circuit (1). As for this arrangement, it is often preferred, as 
illustrated in FIG. 21, that the arrangement is close to the 

20 vicinity of magnetic bridge in which the respective magnetic 
circuits (21a, 22a, 21b, 22b) , the magnetic circuit (2) and the 
exciting means (3) are arranged, considering the convenience of 
manufacturing the current sensor of the present invention and 
using as the current detecting means. Also, the numbers used in 

25 FIG. 21, are used in the same sense as the same numbers used so 
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far. 

As described above, since the component of the concerned 
sensor is arranged in one side of the ring shaped core material 
to form the current sensor of the present invention such that 
5 the vicinity of the opposite semi-ring shaped side of the core 
material is formed to be removable from the part indicated by 
the dotted line or to be opened and closed in the shape of 
clamp, the current can be detected by, without cutting the 
previously arranged wire (the detected wire (6)), setting the 

10 current sensor of the present invention in the wire. 

Shortly, in the case that the exciting means (3) and the 
flux detecting means (4) in the current sensor of the present 
invention are coils, the exciting means (3) passing at least one 
time through both the window surrounded by the magnetic 

15 circuits (21a, 21b, 2) and the window surrounded by the magnetic 
circuits (22a, 22b, 2) will do, and also, the flux detecting 
means (4) passing at least one time through both the window 
surrounded by the magnetic circuits (21a, 22b, 1) and the window 
surrounded by the magnetic circuits (22a, 21b, 1) will do. 

20 Therefore, the application of this configuration to the current 
sensor in claim 5 is embodied in FIG. 22, and this illustrates 
the fundamental configuration of the current sensor of the 
present invention. In FIG. 22, the same numbers used so far are 
used in the same sense. 

25 From the above description, the configuration of the 
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magnetic bridge type current sensor of the present invention 
and the current detecting method by this current sensor is 
derived as the following. 

That is, the current sensor of the present invention with 
5 another configuration is characterized by comprising: 

one magnetic circuit (1) having opposite ends; 

magnetic circuits (21a, 21b) having opposite ends, wherein 
the respective one ends of the magnetic circuits (21a, 21b) are 
connected with one end of the magnetic circuit (1) ; 
10 magnetic circuits (22b, 22a) having opposite ends, wherein 

the respective one ends of the magnetic circuits (22b, 22a) are 
connected with the other end of the magnetic circuit (1), and 
the other ends of the magnetic circuits (22b, 22a) are connected 
with the magnetic circuits (21a, 21b) , respectively; 
15 one magnetic circuit (2) having opposite ends, wherein one 

and the other ends of the magnetic circuit (2) are connected 
with a contact between the magnetic circuits (21a, 22b) and a 
contact between the magnetic circuits (21b, 22a) , respectively; 

an exciting means (3) arranged to generate the flux along 
20 the magnetic circuit (2); 

a flux detecting means (4) arranged to detect the flux of 
the magnetic circuit (1) ; 

a drive means (7) for driving the exciting means (3); and 

a detection circuit (8) connected with the flux detecting 
25 means (4) and outputting the electric signals interlocked with 
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the flux being detected by the flux detecting means (4) . 

Further, the current detecting method of the above current 
sensor is characterized by comprising: 

achieving magnetic balance condition in which the flux by 
5 an exciting means (3) is not present in a magnetic circuit (1) , 
by properly selecting the magnetic reluctance of magnetic 
circuits (21a, 21b, 22a, 22b) to equalize magnetic potential of the 
opposite ends of the magnetic circuit (1); 

achieving magnetic non-balance condition due to collapse 
10 of the magnetic balance condition, which is caused by running 
detected current along a detected wire (6) passed through at 
least one of the window surrounded by the magnetic 
circuits (21a, 22b, 1) and the window surrounded by the magnetic 
circuits (21b, 22a, 1) to vary the magnetic reluctance of at least 
15 one of the magnetic circuits (21a, 22a, 21b, 22b) ; and 

detecting the detected current running along the detected 
wire (6) by detecting the flux which is generated along the 
magnetic circuit (1) through achieving the magnetic non-balance 
condition, by a detection circuit (8) outputting the electric 
20 signals interlocked with the flux being detected by a flux 
detecting means (4) . 

Instead of the above method, the method characterized by 
comprising the following may be used: 

achieving magnetic re -balance condition by running balance 
25 recovery current along a balance recovery coil (5) to return, to 
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the magnetic reluctance prior to variation, the varied magnetic 
reluctance of the magnetic circuit of which the magnetic 
reluctance is varied, and thus, decrease the flux being 
generated along a magnetic circuit (1) in the condition that the 

5 magnetic reluctance of at least one of magnetic 
circuits (21a, 22a, 21b, 22b) is varied, wherein the balance 
recovery current, which generates the flux of which the 
magnitude is as same as that of the flux being generated along 
the magnetic circuit around which a detected wire (6) is wound 

10 by being passed therethrough in the condition that the magnetic 
reluctance of at least one of the magnetic 
circuit (21a, 22a, 21b, 22b) is varied and the direction is reverse 
to that of the said flux, is run along the balance recovery 
coil (5) which is wound by being passed through the same window 

15 as the window through which the detected wire (6) is passed; and 
detecting the detected current running along the detected 
wire (6) by detecting the balance recovery current running along 
the balance recovery coil (5) in the magnetic re-balance 
condition. 

20 The magnetic bridge used in the current detecting method 

of the present invention has basic magnetic detection ability, 
since the present invention described above is capable of 
detecting current by detecting magnetic field generated around 
the current due to the current. As described previously, the 

25 current sensor and current detecting method enables the 
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detection of very small current, with high sensitivity and high 
precision, and this ability is largely due to the magnetic 
detection ability of the magnetic bridge. 

In this aspect, since the magnetic bridge used in the 
5 current sensor of the present invention can be used as a 
component in the magnetic sensor and magnetic detection method, 
the embodiment relating to the magnetic sensor and magnetic 
detection method completed using the magnetic bridge is 
described referring to FIG. 23 ~ FIG. 29. 

10 The core material of the magnetic bridge in the current 

sensor of the present invention previously described is formed 
as loop shaped closed core, since there is need for efficient 
capturing of the flux by the detected current that is present 
in loop shape in the magnetic bridge when current is detected. 

15 However, to enable the magnetic bridge to exert its capability 
as a magnetic sensor, there is need for efficient receiving of 
the flux in space by forming the part of core capturing the 
flux to be open. The embodiment of the magnetic sensor using 
the magnetic bridge formed to satisfy this requirement is 

20 illustrated in FIG. 23 and FIG. 24. 

In FIG. 23, there is a magnetic sensor with two exciting 
coils (3a, 3b) and, in FIG. 24, there is a magnetic sensor with 
one exciting coil (3). These are corresponding to the current 
sensor of the present invention in FIG. 1 and FIG. 16, 

25 respectively. But, the detected wire (6) is not required since 
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the configuration in FIG. 23 and FIG. 24 is for magnetic 
sensors, and also the balance recovery coil (5) in FIG. 1 and 
FIG. 16 is omitted. Further, in the above magnetic sensor, the 
balance recovery coil (5) may be employed and may not be 

5 employed. However, in both cases, it functions as a magnetic 
sensor. In the case that the balance recovery coil (5) is 
employed, dynamic range of detection becomes wider and its 
precision becomes better. 

In the following, the magnetic sensor with one exciting 

10 coil (3) as indicated in FIG. 24 is described as representative 
of magnetic sensor and magnetic detection method in the present 
invention. 

The magnetic sensor in FIG. 24 is capable of detecting the 
magnetic field magnetically working on the magnetic sensor or 

15 the magnitude and direction of the flux passing through the 
magnetic sensor. 

This is possible since the magnetic sensor use the 
magnetic detection function of the magnetic bridge used in 
current sensor and current detecting method of the present 

20 invention previously described. Namely, in the previous current 
sensor and current detecting method of the present invention, 
the flux along the magnetic circuit around the detected wire is 
generated by the minute magnetic field generated due to current 
running along the detected wire and the concerned flux is 

25 detected in the part of magnetic bridge. The flux detectable in 
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the part of magnetic bridge is not limited to the flux 
generated by the current along the detected wire, but the same 
effect as current detection in the magnetic bridge is made even 
if the flux is other imported flux or magnetic field. 
5 The magnetic bridge of the magnetic sensor illustrated in 

FIG. 24 is formed in the configuration where a magnetic 
introduction member (11a) and a magnetic introduction 
member (lib) protrude the junction of a magnetic circuit (1) and 
magnetic circuits (21a, 21b) upwardly and the junction of the 

10 magnetic circuit (1) and magnetic circuits (22a, 22b) downwardly, 
respectively. That is, the magnetic introduction 
members (11a, lib) is formed to become the magnetic circuits for 
easily introducing the detected magnetic field into the 
magnetic bridge. In the following, the magnetic introduction 

15 members (11a, lib) are often represented as magnetic 
circuits (11a, lib) . This is similar to the magnetic bridge 
illustrated in FIG. 23. 

In the case that the imported magnetic field into the 
magnetic bridge is not present, and the magnetic bridge is 

20 under magnetic balance, the flux by the exciting means (the 
exciting coil in FIG. 24; 3) is not passed through the magnetic 
circuit (1) and not through the detecting coil (4). Accordingly, 
electromotive force is not generated across the detecting 
coil (4) . 

25 However, if the magnetic sensor in FIG. 24 is exposed to 
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the flux with the component of which the direction is as same 
as that of the flux indicated by the number (7) in FIG. 24, flux 
is generated along the magnetic circuit (11a) and magnetic 
circuit (lib) which are the magnetic introduction members and 
5 along the magnetic circuits (21a, 22a and 21b, 22b) connecting 
both the magnetic circuits (11a, lib) . Namely, the flux by the 
detected magnetic field gets to pass through the magnetic 
bridge in the magnetic sensor. As a result, the balance in this 
magnetic bridge is broken by the concerned flux passing through 
10 the magnetic bridge and the flux by the exciting means (the 
exciting coil; 3) leaks to pass through the magnetic 
circuit (1) . 

In this case, electromotive force is generated across the 
detecting coil (4) since the flux by the exciting means (the 

15 exciting coil; 3) is an alternating flux such that the flux 
passing through the magnetic circuit (1) becomes alternating 
flux. At this time, the flux passing through the magnetic 
circuit (1) includes much the component of double frequency 
relative to the excitation frequency of the exciting means (the 

20 exciting coil; 3) similarly to the current sensor of the 
present invention previously described. 

The electromotive force generated across the detecting 
coil (4) is proportional to the intensity of flux passing 
through the magnetic circuit (1), and the intensity of flux 

25 passing through the magnetic circuit (1) is proportional to the 
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intensity of flux leaking from the magnetic bridge. Further, 
the intensity of flux leaking from the magnetic bridge is 
proportional to the intensity of the detected magnetic field. 
That is, the electromotive force proportional to the intensity 
5 of the detected magnetic field is obtained from the detecting 
coil (4). In this way, the above magnetic sensor is capable of 
detecting the intensity of magnetic field in space where the 
magnetic sensor is placed, by detecting the electromotive force 
across the detecting coil (4). Here, the electromotive force 

10 generated across the detecting coil (4) is phase inverted 
according to the direction of the detected magnetic field, on 
the basis of the magnetomotive force of the exciting means (the 
exciting coil; 3) . As a result, it is understood that this 
magnetic sensor is also capable of detecting the direction of 

15 magnetic field besides the intensity of magnetic field. 

Among the above magnetic sensors, the sensitivity of 
sensor in which the flux by the detected magnetic field 
efficiently passes through the magnetic bridge in the magnetic 
sensor is better. And, when the detected magnetic field passes 

20 through magnetic paths connecting the magnetic introduction 
members (11a, lib) , there are two magnetic paths. That is, one 
path passes through the magnetic bridge and the other path 
passes through the magnetic circuit (1). In this case, only the 
flux passing through the magnetic bridge contributes directly 

25 to magnetic detection. Therefore, it is preferred that more 
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flux is passed through the magnetic bridge. In other words, it 
is preferred that the flux by the detected magnetic field, 
passing through the magnetic circuit (1), is as small as 
possible. 

5 To achieve this, it is preferred that the magnetic 

reluctance of magnetic circuit (1) becomes larger than the 
magnetic reluctance of magnetic bridge. Specifically, as a 
method, magnetic gaps (8a, 8b) are arranged in the junction of 
the magnetic bridge, the magnetic introduction members (11a, lib) 

10 and the magnetic circuit (1), as indicated in FIG. 25. At this 
time, the position and the number of the magnetic gaps (8a, 8b) 
are not limited to these indicated in FIG. 25, but any position 
in the magnetic circuit (1) and any number of the gaps will do 
only if the above object is accomplished. 

15 In addition, the above magnetic gaps (8a, 8b) are obstacles 

to the flux by the exciting means (the exciting coil; 3), 
passing through the magnetic circuit (1), and, relating to the 
magnetic path of flux by the exciting means (the exciting coil; 
3) , leaking from the magnetic bridge, most of the leaking flux 

20 is passed through the magnetic circuit (1) since the magnetic 
reluctance in the path from the magnetic gaps (8a, 8b) to the 
magnetic circuit (1) is the least. Due to this, it is possible 
to manufacture, as wished, the magnetic sensor having various 
sensitivity together with the intensity of detected magnetic 

25 field to detect, by properly adjusting the magnetic gaps (8a, 8b) 
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indicated in FIG. 25. 

While the flux detecting means (4) all arranged in the 
magnetic circuit (1) has been described so far in the 
description of the magnetic sensor, the flux detecting means (4) 
5 may also be arranged in the magnetic bridge as well as in the 
magnetic circuit (1), as described in the current sensor. The 
embodiment is schematically illustrated in FIG. 28. Namely, the 
flux detecting means (4) may be arranged in any position of 4- 
(a) , 4- (b) ,* 4- (c) , 4- (d) , etc. indicated in FIG. 28. 

10 In the current sensor of the present invention previously 

described, the magnetic circuit (1) is required to pass the 
excited flux leaking from the magnetic bridge therethrough and 
also efficiently capture the flux by the detected current. 

However, there is no need for the capability to 

15 efficiently capture the flux in the magnetic circuit (1) in the 
magnetic sensor. That capability depends on 'the magnetic 
circuits (11a, lib) . In the case that there is the magnetic 
circuit (1) in the above magnetic sensor, it only functions to 
pass the excited flux leaking from the magnetic bridge 

20 therethrough. 

Accordingly, in the case that the flux detecting means (4) 
is arranged in the concerned magnetic circuit (1), the magnetic 
circuit (1) is necessarily in substantial shape, however, in the 
case that the flux detecting means (4) is arranged in the 

25 magnetic bridge, the magnetic circuit (1) is not necessarily in 
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substantial shape. The reason is described in the following. 

That is, in the magnetic sensors in FIG. 23 and FIG. 24, 

the magnetic circuit (1) is described to be formed of magnetic 

material. However, if the magnetic circuit (1) is considered to 
5 be formed of non-magnetic material (vacuum, air, plastic, water, 

oil, etc.), there is no need for the magnetic circuit (1) to be 

in substantial shape. 

This is considered as follows. Namely, if the magnetic 

gaps (8a, 8b) arranged in the magnetic circuit (1) indicated in 
10 FIG. 25 gradually grow larger, finally, the entire magnetic 

circuit (1) becomes the magnetic gap. 

Based on the above consideration, the embodiment in which 

the magnetic circuit (1) is formed of non-magnetic material (not 

in substantial shape) and there is one exciting means (3) is 
15 illustrated in FIG. 29. In the case that there are two exciting 

means (3a, 3b) , the same configuration may be made. 

The magnetic sensor provided with the above magnetic 

circuit (1) in no substantial shape is useful for manufacturing 

of micro magnetic sensor. For example, even a sensor with 
20 length 2.0mm X width 1.6mm X thickness 1.0mm is easily 

manufactured. If the magnetic sensor gets to be smaller as 

such, the distance between the opposite ends of the magnetic 

bridge gets to be closer and so it may be considered that the 

wider magnetic gap is formed. 
25 The structures of magnetic sensors described above are 
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suitable in the case where the line of magnetic force of the 
detected magnetic field is relatively linear in shape or the 
case where the detection of the magnetic field radiating from 
any one of N pole and S pole is carried out. However, there is 
5 the case where the detection of the magnetic field from both N 
pole and S pole adjacent to each other is required. The 
embodiment of magnetic sensor suitable for this case is 
illustrated in FIG. 26. In the magnetic sensor of FIG. 26, the 
magnetic introduction members (11a, lib) is formed in the shape 

10 corresponding to both* magnetic poles adjacent to each other. 
Besides, the different configuration of magnetic sensor using 
the magnetic bridge of the present invention may be employed 
according to various uses, and, for example, in the case that 
the shape of magnetic sensor is preferred to be slim or to be 

15 slim and with no protrusion, the configuration in FIG. 27 may 
be employed. The magnetic introduction members (11a, lib) 
(magnetic circuits (11a, lib) ) in the above magnetic sensor are 
not formed by definite boundary, and thus, they may be the 
junction of the outer leg magnetic circuits (2a, 2b) and the 

20 middle leg magnetic circuit (1), the junction of the magnetic 
circuits (21a, 21b) and the magnetic circuit (1) or the junction 
of the magnetic circuits (22a, 22b) and the magnetic circuit (1), 
that is, the magnetic circuits (11a, lib) is considered to be 
junctions of the magnetic circuits, as understood from the 

25 embodiment of magnetic sensor in FIG. 27. This is similar to 
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the embodiment of magnetic sensor in FIG. 29. In addition, the 
numbers in FIG. 26. - FIG. 29 are used in the same sense as the 
numbers in FIG. 23 - FIG. 25. 

As disclosed from the above, operation of the magnetic 
5 bridges in the above magnetic sensors is as same as the 
magnetic bridges in the current sensors of the present 
invention previously described. Therefore, the detection of 
magnetic field, with higher precision, is also possible if, 
similarly to the current sensors of the present invention, the 
10 balance recovery coil (not shown) is arranged in the magnetic 
sensors such that the magnetic re-balance condition is 
achieved . 

Based on the above description, the magnetic sensor using 
the magnetic bridge of the present invention is specified as 
15 the first magnetic sensor characterized by comprising: 

one magnetic circuit (1) having opposite ends; 

two magnetic circuits (2a, 2b) joined with one and the other 
ends of the magnetic circuit (1), respectively, and also having 
magnetic circuits (11a, lib) of the magnetic introduction members 
20 protruding the respective junctions outwardly; 

an exciting means (3a) arranged in the magnetic circuit (2a) 
and an exciting means (3b) arranged in the magnetic circuit (2b) ; 

a flux detecting means (4) arranged in the magnetic 
circuit (1) ; 

25 drive means (7) for driving the exciting means (3a) and the 
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exciting means (3b) , respectively; and 

a detection circuit (8) connected with the flux detecting 
means (4) and outputting the electric signals interlocked with 
the flux being detected by the flux detecting means (4) . 
5 Further, the first magnetic sensor may comprise: 

a balance recovery coil (5) arranged by winding a wire 
around at least one of the magnetic circuit (1) and the magnetic 
circuits (2a, 2b) ; 

a balance recovery current controlling circuit (9) for 
10 controlling the balance recovery current run along the balance 
recovery coil (5) to decrease the flux being detected by the 
flux detecting means (4), based on the electric signals being 
output from the detection circuit (8); and 

a detected value outputting circuit (10) for outputting the 
15 balance recovery current value. 

The second magnetic sensor is characterized by comprising: 

a magnetic circuit (1) having opposite ends; 

magnetic circuits (21a, 21b) having opposite ends, wherein 
the respective one ends of the magnetic circuits (21a, 21b) are 
20 connected with one end of the magnetic circuit (1) ; 

magnetic circuits (22b, 22a) having opposite ends, wherein 
the respective one ends of the magnetic circuits (22b, 22a) are 
connected with the other end of the magnetic circuit (1), and 
the other ends of the magnetic circuits (22b, 22a) are connected 
25 with the magnetic circuits (21a, 21b) respectively; 
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magnetic circuits (11a, lib) of magnetic introduction 
members protruding the junction of the magnetic 
circuits (21a, 21b) and the magnetic circuit (1) and the junction 
of the magnetic circuits (22b, 22a) and the magnetic circuit (1) 
5 outwardly, respectively; 

one magnetic circuit (2) having opposite ends, wherein one 
and the other ends of the magnetic circuit (2) are connected 
with a contact between the magnetic circuits (21a, 22b) and a 
contact between the magnetic circuits (21b, 22a) , respectively; 
10 an exciting means (3) arranged to generate the flux along 

the magnetic circuit (2); 

a flux detecting means (4) arranged to detect the flux 
passing through the magnetic circuit (1); 

a drive means (7) for driving the exciting means (3); and 
15 a detection circuit (8) connected with the flux detecting 

means (4) and outputting the electric signals interlocked with 
the flux being detected by the flux detecting means (4) . 

A magnetic detection method used in the first magnetic 
sensor is characterized by comprising: 
20 achieving magnetic non-balance condition due to collapse 

of magnetic balance condition, which is caused by exposing core 
material forming the respective magnetic circuits to magnetic 
field, under the magnetic balance condition achieved by 
generating the first excited flux, which is an alternating 
25 flux, to lain along a middle leg magnetic circuit (1) by an 
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exciting means (3a) and generating the second excited flux, of 
which the magnitude is as same as that of the first excited 
flux and the direction is reverse to that of the first excited 
flux, which is an alternating flux to run along the middle leg 
5 magnetic circuit (1) by an exciting means (3b); and 

detecting the detected magnetic field of the above 
magnetic field from the flux passing through the magnetic 
circuit (1) through achieving the magnetic non-balance 
condition, by a detection circuit (8) outputting the electric 

10 signals interlocked with the flux being detected by a flux 
detecting means (4) . 

Another magnetic detection method used in the first 
magnetic sensor is characterized by comprising: 

achieving magnetic non-balance condition due to collapse 

15 of magnetic balance condition, which is caused by exposing core 
material forming the respective magnetic circuits to magnetic 
field, under the magnetic balance condition achieved by 
generating the first excited flux, which is an alternating 
flux, to run along magnetic circuits (11a, lib) by an exciting 

20 means (3a) and generating the second excited flux, of which the 
magnitude is as same as that of the first excited flux and the 
direction is reverse to that of the first excited flux, which 
is an alternating flux to run along the magnetic 
circuits (11a, lib) by an exciting means (3b); and 

25 detecting the detected magnetic field of the above 
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magnetic field through achieving the magnetic non-balance 
condition, by a detection circuit (8) outputting the electric 
signals interlocked with the flux being detected by a flux 
detecting means (4) . 
5 Also, in the second magnetic sensor, the magnetic 

detection method characterized by comprising the following may 
be employed: 

achieving magnetic non-balance condition due to collapse 
of magnetic balance condition, which is caused by exposing core 

10 material forming the respective magnetic circuits to magnetic 
field to vary the magnetic reluctance of at least one of 
magnetic circuits (21a, 22a, 21b, 22b) , under the magnetic balance 
condition, in which the flux by an exciting means (3) is not 
present in a magnetic circuit (1), achieved by properly 

15 selecting the magnetic reluctance of magnetic 
circuits (21a, 21b, 22a, 22b) to equalize magnetic potential of the 
opposite ends of the magnetic circuit (1) ; and 

detecting the detected magnetic field of the above 
magnetic field by detecting the flux which is generated along 

20 the magnetic circuit (1) through achieving the magnetic non- 
balance condition, by a detection circuit (8) outputting the 
electric signals interlocked with the flux being detected by a 
flux detecting means (4) . 

Also, the magnetic detection method characterized by the 

25 following may be employed: 
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magnetic circuits (21a, 21b) having opposite ends, wherein 
one ends of the magnetic circuits (21a, 21b) are connected; 

magnetic circuits (22b, 22a) having opposite ends, wherein 
one ends of the magnetic circuits (22b, 22a) are connected, and 
5 the other ends of the magnetic circuits (22b, 22a) are connected 
with the magnetic circuits (21a, 21b) , respectively; 

one magnetic circuit (2) having opposite ends, wherein one 
and the other ends of the magnetic circuit (2) are connected 
with a contact between the magnetic circuits (21a, 22b) and a 
10 contact between the magnetic circuits (21b, 22a) , respectively; 

an exciting means (3) arranged to generate the flux along 
the magnetic circuit (2); and 

a drive means (7) for driving the exciting means (3); are 
provided, 
15 wherein, 

achieving magnetic non-balance condition due to collapse 
of magnetic balance condition, which is caused by exposing core 
material forming the respective magnetic circuits to magnetic 
field to vary the magnetic reluctance of at least one of 
20 magnetic circuits (21a, 22a, 21b, 22b) , under the magnetic balance 
condition, in which magnetic potential of the contact between 
the magnetic circuits (21a, 21b) and the contact between the 
magnetic circuits (22b, 22a) is equalized, achieved by properly 
selecting the magnetic reluctance of the magnetic 
25 circuits (21a, 21b, 22a, 22b) , and 
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detecting the detected magnetic field of the above 
magnetic field by detecting the flux which is generated by the 
magnetic potential difference generated between the above 
contacts through achieving the magnetic non-balance condition, 
5 by a detection circuit (8) outputting the electric signals 
interlocked with the flux being detected by a flux detecting 
means (4) . 

Now, the difference in effect between the magnetic sensor 
using magnetic bridge of the present invention and the magnetic 
10 sensor of the prior art is described. 

Typically, the magnetic sensors of the prior art are 
classified into semiconductor magnetic sensor (magnetic 
reluctance element ■ hall element • hall IC) , diamagnetic 
substance sensor (ferromagnetic thin film element ■ magnetic 
15 impedance element), coil pickup sensor (flux gate magnetometer), 
and the others. 

The semiconductor magnetic sensor is suitable for 
detection of strong magnetic field, but it is dull at 
sensitivity of about 10" 2 G and the non-uniformity among elements 
20 is also large since the temperature characteristic is bad. 

In diamagnetic substance sensor, special material with 
sensitivity of 10" 6 G is used and the cost is expensive since the 
advanced manufacturing technique or facilities are required. 

The coil pickup sensor is for detecting the variation of 
25 flux from the electromotive force generated across a coil, 
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however, the detection of static magnetic field (direct current 
magnetic field) is impossible by only winding a coil around a 
core. To resolve this problem, the flux gate magnetometer was 
contrived, in which the sensitivity is about 10" 6 G similar to 
5 that of the diamagnetic sensor and it belongs to high 
sensitivity in the magnetic sensors of the prior art. 

The magnetic sensor using magnetic bridge of the present 
invention also pertains to coil pickup sensor of the above 
sensors and is characterized mainly in that it can be made up 

10 of only coils and magnetic material . These components are 
inexpensive since they can be manufactured of very general raw 
material, and special facilities for manufacturing them are not 
required. Accordingly, the present invention is characterized 
in that the magnetic sensor with high precision can be made 

15 inexpensively. 

Now, in the coil pickup sensors, the difference between 
the magnetic sensor using the magnetic bridge of the present 
invention and the flux gate magnetometer is described. 

In the flux gate magnetometer, a flux detecting coil is 

20 wound around the magnetic core through which the detected 
magnetic field is passed, and then excitation and non- 
excitation alternate at high speed until the magnetic core is 
saturated magnetically without the detecting coil and the flux 
intersected. In this flux gate magnetometer, it is necessary 

25 for the flux of an exciting coil to be arranged not to generate 
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any electromotive force across the detecting coil. 

Because of this, with respect to the permeability of 
magnetic core in the flux gate magnetometer, low permeability 
and high permeability alternate at high speed. Herein, the 
5 permeability becomes low when the excitation is carried out 
until the magnetic saturation, and high at the non-excitation. 

Then, in the flux gate magnetometer, the increase and the 
decrease of the flux by the detected magnetic field alternate 
within the magnetic core. Namely, the flux within the magnetic 

10 core becomes strong or weak. As this, since, in the flux gate 
magnetometer, the variation of flux intensity within the 
magnetic core results in generating the electromotive force 
across the flux detecting coil wound around it, the magnetic 
field can be detected by detecting the electromotive force. 

15 The point in the magnetic detection by this magnetometer 

is that the maximum of the flux repeating the strong and the 
weak within the magnetic core is the value determined by the 
intensity of the detected magnetic field and the permeability 
of magnetic core, and the strong and the weak of the flux is 

20 not more than the intensity of the detected magnetic field. 

In the magnetic sensor using the magnetic bridge of the 
present invention, the flux passing through the flux detecting 
coil is due to the exciting coil (the exciting means), as known 
the description of the magnetic bridge. The detected magnetic 

25 field plays role in breaking the magnetic balance of magnetic 
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bridge, and the flux leaking from the magnetic bridge is that 
generated by the exciting coil. Therefore, strengthening the 
excitation force of the exciting coil results in strengthening 
of the flux leaking from the magnetic bridge to the flux 
5 detecting coil such that the electromotive force of the flux 
detecting coil becomes larger. Then, the concerned flux can 
become much larger than the flux of the detected magnetic 
field. 

Therefore, the magnetic sensor using the magnetic bridge 
10 of the present invention is made to have the sensitivity much 

higher than that of the flux gate magnetometer of the prior 

art. Also, this results in high precision. 

As understood the above, with the magnetic sensor using 

the magnetic bridge of the present invention, manufacturing of 
15 the magnetic sensor of which the sensitivity and the precision 

are much higher than those of the magnetic sensor in the prior 

art and the cost is as same as that of the prior art is 

possible . 

Next, the embodiment of the current sensor of the present 
20 invention is described by an example in which the full scale is 
±1A and the resolution is 100M- 

(a) As the middle leg magnetic circuit (1), the outer leg 
magnetic circuit (2a) and the outer leg magnetic circuit (2b), 
the parts formed by joining the opposite two of things based on 
25 JIS C2514, FE16B of an abbreviation of the model name were 
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used. 

(b) As the exciting means (3a) and the exciting means (3b), 
the coil made by winding a poly-urethane wire with the 
conductor diameter of 0.03mm around a plastic bobbin 150 times 

5 was used. 

(c) As the magnetic field detecting means (4), the coil 
made by winding a poly-urethane wire with the conductor 
diameter of 0.03mm around a plastic bobbin 3,000 times was 
used. Further, between the both ends of the concerned detecting 

10 coil was connected with 2,200pF, and the resonance about at 
1kHz was occurred, whereby the matching circuit was formed. The 
matching circuit may be employed, as needed, in the circuit 
where the frequency characteristic or impedance in the 
detecting coil and the detection circuit (8) are required to 

15 match. 

(d) The balance recovery coil was formed by winding a 
poly-urethane wire with the conductor diameter of 0 . 1mm around 
a plastic bobbin of the detecting coil 20 times. 

(e) The coils used as the exciting means (3a) and exciting 
20 means (3b) were made to have the configuration where the 

alternating current of 500Hz was run along them, since the 
detecting coil used as the flux detecting means (4) was made to 
resonate about at 1kHz. 

(f) The drive means (7) was made up of a oscillation 
25 circuit, a frequency dividing circuit and a output circuit, 
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since the reference signal of 1kHz was required in the phase 
detecting circuit to be described later. 

(g) As the oscillation circuit, rectangular wave 
oscillation circuit with the oscillation frequency of 2kHz was 

5 used in which the comparator IC was employed. 

(h) The frequency dividing circuit was adapted to divide 
the frequency into 1/2 and 1/4 by using CMOS IC such that 1kHz 
and 500Hz were obtained, respectively. 

(i) The output of the drive circuit was passed through the 
10 variable resistor for adjustment of amplitude to be output by 

the operational amplifier. This output is output in the form of 
the rectangular wave, as it is, with the frequency of 500Hz 
obtained by the frequency dividing circuit. While outputting 
the current in the form of sine wave results in higher 

15 precision, the output in the form of rectangular wave is 
employed considering that at the flux detecting means (4) or the 
detection circuit (8) is selectively detected the current with 
frequency of 1kHz which is two times as high as that of the 
current running along the coil used as the exciting means (3a) 

20 and exciting means (4a) and that, in the rectangular wave, 
precision falls but the simplification of circuit is possible. 
Further, the use of general -purpose operational amplifier is 
possible since the output current of the drive circuit will do 
within 10mA. 

25 (j) The detection circuit (8) was made up of a matching 
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circuit, a phase detecting circuit and a low-pass filter 
circuit . 

Since, in the detecting coil used as the flux detecting 
means (4), the signals being detected are adapted to resonate 
5 about at 1kHz, the power close to sine wave with frequency of 
1kHz is input to the detection circuit (8), even if the 
excitation current output by the output circuit is in the form 
of rectangular wave. The power close to sine wave is also 
obtained, if the current output by the output circuit is in the 

10 form of sine wave. 

The phase detecting circuit detects the phase of signal 
obtained from the detecting coil, based on the reference signal 
with frequency of 1kHz obtained from the frequency dividing 
circuit. In this embodiment, the reference signal is digital 

15 signal and the phase detecting circuit is the amplifier circuit 
of which the amplification factor is positive when the 
reference signal is at high-level (H) and is negative when at 
low- level (L) . The output voltage of the phase detecting circuit 
indicates positive voltage when the detected current runs in a 

20 certain direction and indicates negative voltage when in 
reverse direction, and the magnitude of voltage is 
approximately proportional to that of the detected current. 
Also, when it is required to detect only the magnitude of the 
detected current, namely, when there is no need for detecting 

25 the polarity, the simple rectifier circuit may be used instead 
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of the phase detecting circuit. 

The form of signal wave is made up of pulsating current 
which includes a lot of the 2 kHz component. By smoothing this 
signal, the waveform close to the detected current can be 
5 obtained. The detected current includes the alternating current 
component to a certain degree, since the magnitude of the 
current vary substantially even if the current is direct 
current. To which extent the alternating current component can 
be detected depends on the capability of the current sensor, 
10 and, in this embodiment of the present invention, since the 
excitation current has the frequency of 500Hz, up to 5Hz which 
is 1/100 of the frequency, the detection with high precision is 
possible compared with the same kind of sensor in the prior 
art. 

15 When it is required to detect both of the direct current 

and the commercial frequency current in the current sensor of 
the present invention, setting the excitation current about to 
10kHz results in good detection about up to 100Hz such that the 
demand can be satisfied. Low-pass filter circuit has the 

20 transfer characteristic depending on the frequency and is made 
as the circuit formed by only passive elements, the circuit 
using active elements, etc., of which the purpose is to, of the 
signals obtained from the rectifier circuit or the phase 
detecting circuit in the preceding part, pass the low frequency 

25 component within desired frequency range to detect from direct 
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current and block the high frequency component exceeding the 
desired frequency range. In this embodiment, the smoothing 
circuit formed by the most simple resistors and capacitors was 
employed. The output of this circuit reflects the waveform and 
5 magnitude corresponding to those of the detected current, when 
the current sensor in the present invention is not provided 
with the balance recovery coil (5) . 

In the present embodiment, to automatically determine the 
balance recovery current, the feedback method of output of the 

10 low-pass filter circuit by a balance recovery current 
controlling circuit (9) was employed and the feedback was 
carried out making the output of balance recovery coil (5) about 
by 100 times. In this embodiment, 1/20 of the detected current 
is sufficient for the balance recovery current since the turns 

15 of the balance recovery coil (5) is 20. Therefore, in the 
present embodiment where the current up to the maximum 1A is 
detectable, the output capability is set to 50mA. 

Further, in the present embodiment, the detected value 
outputting circuit (10) has the configuration where a resistor 

20 is connected with the balance recovery coil (5) in serial and 
then the voltage generated across the resistor is amplified by 
a amplifier. The output of this circuit reflects the waveform 
and magnitude corresponding to those of the detected current, 
when the current sensor in the present invention is provided 

25 with the balance recovery coil (5) . 
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From the embodiments where the direct current was detected 
by the current sensor in the present invention, the very high 
sensitivity, precision, capability of the present invention 
compared with the prior art was verified. 
5 When the detected current is not more than 10mA, the 

detection results are shown in Table 1. And, when the detected 
current is not more than 100mA, the detection results are shown 
in Table 2. The larger the detected current is, the more stable 
the precision is, and, in the case that the detected current is 
10 the range from more than 100mA to the full scale of 1A, full 
scale errors are not more than 0.2%. In the case that the 
circuit element values are changed such that the full scale is 
10mA, the detection of 10/zA is verified. 

[Table 1] 
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detected 
current 

Ix [mA] 


detected value 
by embodiment 

Io [mA] 


error 
(f(hh)IIx [%] 


full scale 
error 

(I<fh)/If [%] 


-10.0 


-9.87 


-1.03 


-0.013 


-9.0 


•8.89 


-1.22 


-0.011 


-8.0 


-7.88 


-L50 


■0.012 


-7.0 


•6.91 


-L29 


-0.009 


-6.0 


-5.94 


-LOO 


-0.006 


-5.0 


-4.94 


-1.20 


•0.006 


4.0 


■3.96 


-1.00 


-0.004 


-3.0 


-2.97 


-1.00 


-0X03 


-2.0 


-1.97 


-L50 


•0.003 


. -1.0 


-0.98 


-2.00 


-O.002 


0,0 


0.01 


calculation 
incapable 
due to 
SfiK9 ^V^K 


0.001 


1.0 


1.01 


1.00 


0.001 








0.001 


3.0 


3.02 


0.67 ; 


0.002 


4.0 


4.03 


0.75 


0.003 


5.0 


5.04 


0.80 


0.004 


! 6.0 


6.05 


0.83 


0.005 


7.0 


7.04 


0.57 


0.004 


8.0 


8.07 


0.88, 


0.007 


9.0 


9.03 


033 


0.003 


10.0 


10,00 


0.00 


0.000 i 



[Table 2] 
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detected 
cur rent 

h fmAl 
IX LUlrtJ 


detected value 
frt TmAl 

Iff LIu/VJ 


error 

\lirIXJIlA, L70J 


full scale 
error 

(Tn-bW [%] 


400.0 


-1005 


020 


0.020 


-90.0 


-90.1 


0.11 


0.010 


-80J0 


•802 


025 


0.020 


■m 


-70.1 


0.14 


0.010 


-60.0 


-60.1 


0.17 


0.010 


•50.0 


-50.2 


0.40 


0.020 


•40.0 


•403 


0.75 


0.030 


•30.0 


.303 


! 1.00 


0.030 


•20.0 


•19.8 


•1.00 


•0.020 


-10.0 


■9.9 


-1.00 


-0.010 


OOjO . 


0.00 


0.00 


0.000 


10.0 


93 


1.00 


•0.010 


i 20.0 


19.7 


-130 


-0.030 


30.0 


293 


-1.67 


-0.050 


. 40.0 


39.4 


-1.50 


-0.060 


50.0 


49.2 


•1.60 


•0.080 


60.0 


59.1 


-130 


•0X190 


70.0 


70.1 


0.14 


0.010 


80.0 


80.1 


0.12 


0.010 


90.0 


90.1 


an 


0.010 


100.0 


100.1 


0.10 


0.010 



The symbols used in the present specification and drawings 
are shown in Table 3 and Table 4. 
[Table 3] 

5 The brief description of the symbols relating to 

electromagnetic used in the specification 
The list of simple symbols 



64 



One outer leg magnetic circuit indicated as A 

The other outer leg magnetic circuit indicated as B 

The middle leg magnetic circuit indicated as C 



symbol 


unit 


the brief description of the specified symbol 


kind 


a pec if i 












the f lux of outer leg magnetic circuit A 




<t>> 


Wb 


the flux of outer leg magnetic circuit B 




<t>< 




the flux of middle leg magnetic circuit C 




Ut 


Wh/A-m 


the initial permeability of magnetic material 


U 


#m 


the maximum permeability of magnetic material 




n 


Tom 


the turns of exciting coil (exciting means) 


N,n 




or 
times 


the turns of detected wire 




K 




the turns of balance recovery coil 
(balance recovery exciting means) 








the current running along the exciting coil A 


/,/ 


'* 


A 


the current running along the exciting coil B 


/, 


the detected current 




h 




the balance recovery current 








the magnetic reluctance of outer leg magnetic circuit A 






A/Wb 


the magnetic reluctance of outer leg; magnetic circuit B 




R- 




the magnetic reluctance of middle leg magnetic circuit C 


S 


S 


m 1 


the cross section of magnetic path 


I 


I 


m 


the length of magnetic path 


H 


n> 


AT/ra 


the intensity of magnetic field when the permeability 
of magnetic material becomes maximum 


B 


B 


Wb/m 2 


the flux density 


t 


t 


Sec 


time 




e 


V 


In Fig. 3, 

electromotive force qenerated across the detecting coil 


e 


e' 


the fundamental component of electromotive force 
generated across the detecting coil 



[Table 4] 

The brief description of the symbols relating 
electromagnetic used in the specification 
The list of complex symbols 



65 



symbol 


unit 


the brief description of the specified symbol 


kind 


specifi 
cation 


N,n 
M 


id 




when the current running along one exciting coil 
is indicated as i, 
magnetomotive force generated by the coil 


■ni 


AT 


when the current running along the other exciting coil 
is indicated as -i, 
magnetomotive force generated by the coil 


N,J, 


the magnetomotive force genera ceo: by the detected current 
to the magnetic circuit around which the detected wire is 
wound (the most of flux generated by the magnetomotive 
force is generated, in FIG. 1, FIG. 2 , FIG. 5, FIG. 6, FIG. 9 , along 
the middle leg magnetic circuit, in FIG. 10, along the outer 


*4 




the magnetomotive ^force genera ted^y the balance recovery 
current to the magnetic circuit around which the balance 
recovery wire is wound (the most of flux generated by the 
magnetomotive force is generated, in FIG. 2 , FIG. 6, FIG. 9, 
along the middle leg magnetic circuit, 
in FIG. 10, alonq one outer lecj magnetic circuit 2a) 



INDUSTRIAL AVAILABILITY 



5 In the detection by the present invention, when the 

detected current is zero, the flux passing through the flux 
detecting means (4) is zero since the magnetic condition in the 
magnetic bridge is under magnetic balance condition. 

In contrast, in the current detecting method by magnetic 

10 amplifier type, magnetic multi vibrator type, magnetic flux 
inversion time difference type, etc. of the prior art, 
excitation flux is always being generated in these magnetic 
circuits, since a magnetic core of soft magnetic material is 
magnetically excited in advance to the vicinity of saturation 

15 flux density by alternating current of the coil wound around 
the core such that it is magnetically polarized by the detected 
current, whereby the detected current is detected. 
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Considering the difference between the present invention 
and the prior art from the point of the amount of information, 
in the method of the prior art, the separation and extraction 
of the information relating to only the detected current from 
5 the entire information was not easy since the information of 
the detected current and the excitation flux is mixed and, 
also, the amount of information relating to excitation flux is 
far much than that relating to the detected current. 

However, in the present invention, all the magnitude and 

10 polarity components in the detection results are considered as 
the information of the detected current since the magnetic 
condition in the magnetic bridge is under magnetic balance 
condition, and the frequency component in the detection results 
is the frequency component information of excitation flux. That 

15 is, in the method of the present invention, it is possible to 
easily extract even a small amount of information since there 
is no need for separation of information so long as the 
magnitude and polarity in the detection results are utilized. 
In other words, in the present invention, the current detection 

20 with the higher sensitivity can be carried out more easily. 

In addition, in the magnetic amplifier type, magnetic 
multi vibrator type and magnetic flux inversion time difference 
type of the prior art, the excitation flux is required to be 
strengthened such that it reaches the magnetic saturation area 

25 and, therefore, the excitation flux becomes the strong one 
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reaching up to the magnetic saturation area, however, in the 
present invention, the weak one not more than the maximum 
permeability is sufficient for the excitation flux, and, 
therefore, the difference, in the amount of information 
5 relating to the detected current, between the present invention 
and the prior art is distinguished. As a result of this 
characteristic, micro current of 100/zA which is not detectable 
in the prior art is at least detectable in the present 
invention. 

10 Since the detection sensitivity becomes better 

proportional to the turns (passing- through times) of the 
detected wire and the more turns of the detected wire results 
in the higher sensitivity in the method of the present 
invention and also in the method of the prior art such as the 

15 magnetic amplifier type, magnetic multi vibrator type, magnetic 
flux inversion time difference type, etc., it may be considered 
to increase the turns of the detected wire for the detection of 
the more minute current utilizing this characteristic, however, 
in the method of the prior art represented as the magnetic 

20 amplifier type, magnetic multi vibrator type and magnetic flux 
inversion time difference type, the excitation flux is always 
being generated along the magnetic circuit around which the 
detected wire is wound, and thus the electromotive force is 
generated across the detected wire by the excitation flux such 

25 that the current by the electromotive force is superposed on 
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the detected current. 

As described above, the little the detected current is, 
the relatively larger the current superposed by the excitation 
flux on the detected current is, and therefore it is noisy and 
5 harmful to the detected current, however, it is desired to 
increase the turns of the detected wire since the higher 
sensitivity is required in the case that the detected current 
is less. But, in the prior art, there is always the problem 
that the more turns of the detected wire results in increasing 

10 the current superposed by the excitation flux on the detected 
current, and it is impossible to resolve this problem. Namely, 
in the method of the prior art represented as the magnetic 
amplifier type, the magnetic multi vibrator type and the 
magnetic flux inversion time difference type, there is a limit 

15 to the improvement of sensitivity by the increase of the turns 
of the detected wire. 

In the present invention, the detected wire is arranged, 
as shown in FIG. 2, to be passed through one window formed by 
being surrounded by the outer leg magnetic circuit and the 

20 middle leg magnetic circuit from the front side to the opposite 
side and also be passed through the other window formed by 

being surrounded by the outer leg magnetic circuit and the 

\ 

middle leg magnetic circuit from the opposite side to the front 
side such that, under magnetic balance condition and magnetic 
25 re-balance condition, the excitation flux is not present in the 
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middle leg magnetic circuit around which the detected wire is 
wound, and, therefore, the special merit is that the current 
superposed by the excitation flux on the detected current is 
not generated. Further, even under magnetic quasi -balance 
5 condition, there is only the extremely minute excitation flux 
and, therefore, the current superposed by the excitation flux 
on the detected current is extremely minute. 

In addition, the merit of the present invention is that 
the minute current is detectable in the case of only 1 turn of 

10 the detected wire, the turns of the detected wire can also be 
increased easily according to the above-mentioned 
characteristic such that the more minute current is detectable, 
and, also, the noise harmful to the detected current is not 
generated. Further, since the present invention is operable 

15 even with the excitation flux not more than the maximum 
permeability of magnetic material such that a little energy is 
sufficient for the excitation, the current sensor with energy 
saved can be achieved. 

Next, in the present invention, if ferrite core is used as 

20 the core material of the magnetic bridge, the drive frequency 
of exciting means can be made to high frequency reaching 
hundreds of kHz such that the detected current with frequency 
up to several kHz can be detected, and, therefore, it is 
possible to detect the current in which the current from the 

25 direct current to several kHz and the alternating current is 
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mixed . 

In the present invention, the flux in the middle leg 
magnetic circuit is extremely minute, under magnetic quasi - 
balance condition of the magnetic bridge, relative to the flux 
5 in the outer leg magnetic circuit and, therefore, the influence 
of the magnetic reluctance of middle leg magnetic circuit by 
the flux remaining in the middle leg magnetic circuit is 
negligible such that there is no practical problem, so long as 
the difference between the mechanical dimensions of the middle 

10 leg magnetic circuit and the outer leg magnetic circuit is not 
distinguished, for example, not 1000 times. 

As described previously, in the present invention, the 
flux generated within the. magnetic bridge by the detected 
current, under the magnetic quasi-balance condition, is 

15 extremely minute and, therefore, it is possible to make the 
magnetic bridge under the magnetic quasi-balance condition by 
sufficient feedback even if the detected current without 
feedback has the value magnetically saturating the magnetic 
bridge completely or the large value much exceeding the former. 

20 For example, in the embodiment of FIG. 2, it is possible to 
achieve the magnetic quasi-balance condition by the balance 
recovery current defined within the given range by arranging a 
tap on the way of the winding of balance recovery coil, using 
the position of a little turns when the detected current is a 

25 little and using the tap of the far more turns in accordance 
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with the increase of the detected current and, therefore, a 
variety of the detected current from the minute current to the 
large current can be detected by the same magnetic bridge, with 
the output capability of the balance recovery current 
5 controlling circuit for run the balance recovery current fixed 
within the given range. 

Further, in the present invention, the flux present in the 
middle leg magnetic circuit, under the magnetic quasi -balance 
condition of the magnetic bridge, is extremely minute and, 

10 therefore, the influence of the magnetic characteristic of 
middle leg magnetic circuit on the sensitivity and precision of 
the current sensor in the present invention is extremely 
minute. That is, it is possible to modify the middle leg 
magnetic circuit such that its shape is made to easily pass the 

15 detected wire therethrough as indicated in the embodiment of 
Fig. 9, since, even if the magnetic reluctance of middle leg 
magnetic circuit is changed by the modification of the middle 
leg magnetic circuit, the influence of the change on the 
precision and sensitivity is extremely minute. As a result, 

20 even if its structure is adapted to be opened and closed by 
cutting the middle leg magnetic circuit or to be removable such 
that it is possible to clamp to the detected wire of which the 
wiring is completed previously to detect the current, the clamp 
type current sensor with high precision can be implemented 

25 since the influence of the magnetic characteristic of middle 
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leg magnetic circuit on the sensitivity and precision of the 
current sensor is extremely minute. 

In addition, the magnetic field to permeability 
characteristic (see the FIG. 7) is non-linear at the 
5 permeability not more than the maximum permeability and this 
non-linear characteristic generally decrease the detection 
precision, however, in the present invention, the flux 
remaining in the middle leg magnetic circuit, namely, the flux 
generated within the magnetic bridge by the detected current is 

10 extremely minute, the non-linear characteristic of magnetic 
field to permeability within this minute range is not 
distinguished such that the characteristic can be considered as 
linear, and the decrease of detection precision due to the non- 
linear characteristic of magnetic field to permeability is 

15 negligible. This feature of the present invention together with 
the characteristic of magnetic bridge results in manufacturing 
the products with high precision or inexpensive products, 
since, even if the non-uniformity in the characteristic of 
magnetic material occurs when mass-producing, it is difficult 

20 for the non-uniformity to give influence on the characteristic 
of the current sensor. 
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